Abstract-Mechanical responses produced in isolated chicken rectum by nerve stimu lation were subjected to a pharmacological analysis to determine the nerves involved. Stimulation of Remak's nerve caused biphasic responses, consisting of an initial, short-lasting contraction and a subsequent, long-lasting relaxation.
There are few reports on the excitatory and inhibitory innervations of the fowl intestine (1) (2) (3) (4) (5) . Everett (1) reported that electrical stimulation of the extrinsic and intrinsic nerves elicited biphasic mechanical responses of intestinal segments taken from the duodenum, ileum and rectal caecum. The contractile component of the responses was due to activation of the cholinergic fibers and the relaxant component was due mainly to activation of the adrenergic fibers. Furthermore, she found relaxation in the chick ileum to be mediated by non-adrenergic nerves. In contrast to the three regions of the chicken intestine, the con tractile component of the biphasic responses of the rectum to electrical stimulation of Remak's nerve was attributed to the cholinergic and non-cholinergic fibers, and the relaxant component to the adrenergic fibers (2, 4) . However, studies in our laboratory have demon strated that the contraction of the rectum in response to nerve stimulation is not inhibited by cholinoceptor blocking drugs and the relaxation is reduced only partially by adrenoceptor blocking drugs (3) .
In the present experiments, the excitatory and inhibitory responses produced in the chicken rectum by stimulation of Remak's nerve and by coaxial stimulation of intramural nerves were subjected to a pharmacological analysis to determine the nerves involved. In addition, the functional distribution of the nerves responsible for these responses was in vestigated.
Male chickens of the White Leghorn breed of various ages from 1 day after hatching to an adult age were used after being stunned and bled.
Unless specifically mentioned, there were no obvious differences in the results from animals of different ages.
Remak's nerve-rectum preparation:
The whole rectum was removed together with
Remak's nerve and caudal mesenteric vein (2). Remak's nerve and caudal mesenteric vein were tied off with cotton thread at both cut ends. A 1-cm length of the nerve and vein (as measured from the cut ends of the rectum in the direction of respective tied-off points) was separated from the mesentery and prepared for electrical stimulation of Remak's nerve at the oral and anal sites, respectively. The electrodes used for stimulation of Remak's nerve were of the type described by Burn & Rand (6) . Both oral and anal cut ends of Remak's nerve were each pulled through the electrodes, thereby permitting alternative stimulation of this nerve at the two different sites. This type of electrode was used also for stimulation of nerves within the rectal strip:
Either end of the strip was passed through the electrodes. For stimulation of intramural nerves of the whole rectum, coaxial electrodes were used, that is, one electrode in the lumen of the organ and the other in the bathing solution (7).
The preparations were suspended in a 30 nil organ bath filled with aerated Tyrode's solution (mM composition: NaC1 137; KCI 2.7; NaH2PO4 0.4; NaHCO3 12; MgC12 1.0; CaC12 1.8; glucose 5.0) at 30°C and allowed to equilibrate in the medium at least for 30 min before starting the experiments. The Remak's nerve-rectum preparation was mounted with closed ends and usually with the oral end uppermost. Some Remak's nerve-rectum pre parations were suspended in the organ bath and in addition perfused through the caudal mesenteric artery with Tyrode's solution. A constant flow rate of the solution (1.5-2.0 ml/min) was effected by a roller pump (Mitsumi, SJ-1210). The effluent from the open caudal mesenteric vein was allowed to overflow into the organ bath. In those experiments in which side branches of Remak's nerve running towards either oral or anal half of the gut were cut and control responses to the nerve stimulation were obtained, this procedure was performed in the bath fluid (with the preparation in the bath) to avoid transference of the stimulus sites. In the case of sectioning of the side branches terminating in the anal half of the preparation, the preparation was previously mounted upside down in the bath.
Mechanical changes of the longitudinal direction of the preparations were recorded isometrically with a force displacement transducer (Nihon Kohden, SB-1T) and a poten tiometric pen recorder (Hitachi, 056). An electronic stimulator (Nihon Kohden, MSE-3) was used to deliver rectangular pulses at different frequencies. The pulse duration was fixed at 0.5 msec for stimulation of intramural nerves and of Remak's nerve. The stimulus intensities were chosen for producing near-maximal responses at any particular frequency.
Trains of pulses lasting for 10 sec were delivered at intervals of not less than 3 min.
For reserpinization, chickens were injected i.p. with a daily dose of 3.5 mg/kg reserpine for two days before the experiment. Both contactile and relaxant components varied in amplitude with the tone of pre parations. Lowering the tone either by moving the hook of the force displacement trans ducer downwards or by adding isoprenaline (5 x 10-8 g/ml) to the bath fluid increased the contraction but decreased the relaxation, whereas raising the tone by moving the hook upwards increased the latter but decreased the former. In preparations with a higher tone, the contractile component of responses produced by the oral end stimulation was so small that it was frequently masked by the spontaneous mechanical activity (Fig. 2) .
Effects of drugs on responses to nerve stimulation
Tetrodotoxin was used to differentiate direct muscle responses from those elicited by nerve stimulation (8, 9) . Each component of rectal segment responses to electrical stimu lation was completely abolished within 5-10 min by tetrodotoxin in concentrations of the order of 10 g/Inl. The responses, therefore, appear to be entirely nervous in origin.
Atropine and hyoscine in a concentration of 5 x 10-6 g/ml did not inhibit the responses pro duced by nerve stimulation (atropine, n=14; hyoscine, n=3), as illustrated in Fig. 3 . The concentration was about 10 times higher than necessary to antagonize the action of exoge nously applied acetylcholine, 10-5 g/ml. These drugs had no effect even when applied at concentrations between 5 x 10-7 and 10-4 g/ml through the vessels (Fig. 4) . The responses produced by stimulation of the anal end of Remak's nerve remained unaltered, whereas the contraction induced by acetylcholine (10-5 g/ml) was completely abolished.
The activation of a-adrenoceptors caused a contraction of the longitudinal smooth muscle of the rectum (unpublished observation). It is, therefore, possible that the con tractile response to electrical stimulation is due to stimulation of the adrenergic nerve fibers.
The contractile response to nerve stimulation was not affected by either phentolamine (5 x 10-6 g/ml) or phenoxybenzamine (5 x 10-6 g/ml) (n-9). Relaxation in response to nerve stimulation was reduced, especially in duration, by either propranolol (10-7 5 x 10-6 g/ml) or DCI (5 x 10-6 g/ml) (n=15). The j3-adrenoceptor blocking drug itself slightly increased the tone of the preparation ( Fig. 5; A, B) . The re sidual relaxations after the i3-adrenoceptor blockade were characteristic in that they were of short duration and were frequently followed by a contraction. Similar results were obtained with guanethidine (10-6 10-5 g/ml) (n=15) as shown in Fig. 5 (C, D). Relaxation in response to nerve stimulation was still observed in 6 pre parations taken from the chickens which had been pretreated with reserpine, and was of short duration. The relaxation was little reduced by guanethidine as well as a 3-adrenoceptor blocking drug. It was found that by the same reserpine treatment, the rectum was depleted of its catecholamines by more than 90% (unpublished observation).
The contractile response to stimulation of Remak's nerve was reduced or abolished by hexamethonium in 8 out of 13 preparations but unaffected in the residual 5 preparations.
Similar results to those with hexamethonium were obtained with d-tubocurarine. Complete or partial inhibition was produced in 9 out of 12 preparations but there was no inhibition in 3 preparations. The relaxant response to nerve stimulation was insensitive to these ganglion blocking drugs. The response to coaxial stimulation was unaffected by hexame thonium (up to 5 x 10-4 g/ml) and d-tubocurarine (up to 10-4 g/ml). (Fig. 8) .
In another 10 experiments, changes in the amplitude of contractile responses produced by altering the stimulating site were measured in the presence of isoprenaline of 5 x 10-8 g/ml.
It can be clearly seen in Fig. 9 that the contractile response was more by way of anal end stimulation than oral end stimulation. The magnitude of contractions produced by oral end stimulation was 21.6---1l.3% (mean+S.E., n=5) of that of contractions produced by anal end stimulation. A potentiating effect on contraction of sectioning of the side branches to the oral half of the gut could be demonstrated also in the presence of isoprenaline, as illustrated in Fig. 9 . The contraction evoked by oral end stimulation was greatly increased after cutting the side branches, so as to nearly parallel the response by anal end stimulation. Remak's nerve was stimulated at the oral end (Ro) and at the anal end (RA). Numbers refer to stimulus frequencies (Hz).
A: control responses, B: responses after sectioning of the side branches. At the arrow, the side branches were cut. preparation. Contractile responses to Remak's nerve stimulation before and after cutting the side branches of Remak's nerve extending to the oral half of the rectum. Remak's nerve was stimulated at the oral end (Ro) and at the anal end (RA). Num bers refer to stimulus frequencies (Hz). At the thin arrow, isoprenaline (5 x 10-8 g/ml) was added to the bath and was present throughout the experiment. At the thick arrow, the side branches were cut. Note the markedly enhanced con tractile response to the oral end stimula tion after cutting the side branches.
FIG. 10 Remak's nerve-rectum preparation.
Contractile responses to Remak's nerve stimulation before and after cutting the side branches extending to the anal half of the rectum. Remak's nerve was stimu lated at the oral end (Ro) and at the anal end (RA). Numbers refer to stimulus frequencies (Hz). At the thin arrow, isoprenaline (5 x 10-8 g/ ml) was added to the bath and such was present throughout the experiment. At the thick arrow, the side branches were cut. The contractile responses were together markedly re duced after cutting the branches but the amplitude ratio of Ro/RA remained almost unaltered.
When the side branches to the anal half of the gut were sectioned, however, both contractions were markedly reduced although the amplitude ratio between them remained almost unal tered (18.3±1.3%, n=5), as shown in Fig. 10 . These results indicate that excitatory and inhibitory fibers originating in the ascending and descending fibers in Remak's nerve are distributed differently in the side branches, and motor fibers are mainly located in the lower side branches.
The wall of the rectum was divided into three regions and strips were procured (see methods). Field stimulation was applied to either oral or anal end of strips in order to compare the responses. Stimulation at frequencies of 1-20 Hz elicited a contraction followed by a relaxation, as shown in Fig. 11 . The form of the biphasic response varied from one strip to another and was dependent on the region of the rectal walls. The initial contraction was most marked in strips from the (a) region. In strips from the (c) region, the contraction was the smallest and in some strips a contraction could not be demonstrated unless the tone had been previously lowered by the addition of isoprenaline (5 x 10-8 g/ml) to the bath. In all strips, stimulation of the anal end invariably was more effective in producing the initial contraction (Fig. 11) , suggesting that motor fibers may be distributed densely in the dor socaudal region of the rectal wall. A and B records were taken from one and the same strip ((a) region), and C and D records from another strip ((c) region). At the points marked by dots (0), pulse trains were delivered for 10 sec. Numbers refer to stimulus frequencies (Hz).
DISCUSSION
Responses of the rectum to electrical stimulation appeared to be entirely mediated through excitation of nervous structures, since no response to electrical stimulation was seen in the presence of tetrodotoxin.
The primary contractions produced by stimulation of Remak's nerve and of the intra mural nerves were little affected by atropine or hyoscine, applied by addition to the perfusing solution or to the bathing solution. Therefore, smooth muscle cells of the rectum ap parently receive an excitatory innervation of non-cholinergic fibers. It is improbable that the contractions were produced by stimulation of adrenergic fibers, since a-adrenoceptor blocking drugs had no effect on the responses. Bartlet (4) has reported that the atropine resistant contraction of the chicken rectum to Remak's nerve stimulation is non-cholinergic in origin and putative transmitters, such as histamine, 5-hydroxytryptamine, adenosine and its related nucleotides and prostaglandin E2, seem to be excluded as possible motor transmitters of the excitatory nerve.
The drugs which eliminate or abolish the adrenergic function significantly shortened the duration of relaxations produced by nerve stimulation but did not abolish them. This effect was common to all the drugs irrespective of the difference in mechanisms by which they act. Bartlet & Hassan (2) reported that inhibitory nerves in the chicken rectum were adrenergic in nature. However, in their experiments propranolol was used in a high con centration of 0.169 mM. They described in another paper (12) that propranolol (10-5 g/ml=0.04mM) reduced contractions of the guinea pig vas deferens and oesophagus to nerve stimulation as a result of its local anesthetic activity. We also observed the nerve-blocking action of propranolol in concentrations over 5 x 10-6 g/ml in the phrenic nerve-diaphragm of the rat, in the hypogastric nerve-vas deferens of the guinea pig and in the vagus-oesophagus of the chick. Thus, it is probable that the results observed by Bartlet & Hassan (2) are mainly due to a nerve blocking action but not to a blocking action on the ;3-adrenoceptors in the rectum. In addition, in their experiments the tone of preparations was raised by acetyl-13-methylcholine (11 mM). It is possible that the cholinester in such a high con centration, itself may be effective in antagonizing the relaxative action on the rectal muscle of substance(s) released from nerve endings. It is likely that the relaxant responses in the present experiments are not simply due to activation of the adrenergic nerves alone and there may be release of a substance from the nerves other than adrenergic nerves together with catecholamines. We have also reported similar results (3) . The presence of non adrenergic inhibitory nerves whose transmitter is unknown has been demonstrated in the mammalian gastrointestinal tract (13-15).
Burnstock (15) proposed that a purine nucleotide, most probably ATP, is a transmitter in non-adrenergic inhibitory nerves in the gut. However, adenosine and adenosine 5' monophosphoric acid (AMP) produced relaxation, but ADP and ATP contractions in the chicken rectum (4, 16) and desensitization of the rectum to adenosine or AMP did not inhibit the relaxation produced by nerve stimulation (16) . In these respects, the possibility that an adenine nucleotide might be a transmitter in the non-adrenergic nerves in the chicken rectum can be excluded.
The ability of the ganglionic blocking drugs to block the contractions produced by stimulation of Remak's nerve varied between preparations, and in some, these drugs failed to cause any inhibition of the responses. Simular results were also observed by Bartlet & Hassan (2) . If the stimulated nerve fibers are pre-and post-ganglionic, this may result from a varied proportion of post-ganglionic fibers. Alternatively, if the nerve fibers involved in the response are all pre-ganglionic, this may be explained by assuming that transmission at the ganglia can be protected structurally or functionally against these antagonists, or might be effected by an unknown transmitter.
Whether either of the two is correct remains to be elucidated.
The effects of sectioning of the side branches running from Remak's nerve towards the oral half of the rectum on the responses produced by stimulation of the oral end of this nerve suggest that the descending motor fibers may be largely distributed in the lower half of the side branches, whereas the descending inhibitory fibers are distributed more in the higher half of the side branches. On the other hand, the magnitude of the responses pro duced by stimulation of the anal end of Remak's nerve was markedly affected when the side branches towards the anal half of the segment were cut. The contractile component was particularly reduced. Therefore, the ascending fibers, motor fibers in particular, may reach the gut mainly via the lower half of the side branches. The results obtained from the ex periments with the rectal strips indicated that the dorsocaudal region of the rectal wall receives more excitatory innervation. Thus, the excitatory nerve fibers in Remak's nerve trunk appear to reach the rectal wall preferentially via its lower side branches, possibly terminating shortly after entering the rectal wall.
The potentiating effect of cutting the higher side branches on the contractile response to the oral end stimulation of Ren.ak's nerve indicates some functional interaction between the excitatory nerve and the inhibitory nerve. The inhibitory nerve possibly has an in hibitory influence on the excitatory innervation in a way similar to that in which noradrenaline interferes with acetylcholine release from cholinergic nerve endings (10, 17) , and/or some of the rectal smooth muscle cells (or functional bundles) may receive double innervations of excitatory and inhibitory nerves.
